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So, why So, why φφ22 ??

Essential to check the standard KM model.
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CP violation measurementCP violation measurement



Data usedData used
253/fb

253/fb (275M BB) until 2004 summer is used.
–



Event selectionEvent selection
Event reconstruction

π0, ρ reconstruction (ρρ)

PID (K/π separation)
Continuum suppression (modified SFW, 
flavor tagging information)
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CPV measurement of BCPV measurement of B00 ππ++ππ––
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(b) q = -1

good tag Sππ = −0.67 ±0.16±0.06

4σ evidence of Direct CPV!
Will be published as PRL 95, 101801

High Quality region
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Aππ = +0.56 ±0.12±0.06



CPV measurement of BCPV measurement of B00 ρρ++ρρ––

Differences from B0 π+π–

Good point
Small branching fraction of B0 ρ0ρ0 (<1/20)
compared with B0 ρ+ρ− and B+ ρ+ρ0.

small penguin pollution
Bad (difficult) points

Decay product contains two π0

lower efficiency, larger BG
Consists of three polarization states

polarization measurement is essential



PolarizationPolarization
B0 ρ+ρ– has 3 polarization states with 
different CP eigenvalues

Longitudinal Transverse
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Fortunately, longitudinal polarization is 
dominant.



Time dependent fitTime dependent fit

0

20

40

60

80

100

120

140

160

-5 0 5
∆t (ps)

 E
ve

nt
s 

/ (
1.

25
 p

s)

0

20

40

60

80

100

120

140

160

-5 0 5
∆t (ps)∆t (ps)

 E
ve

nt
s 

/ (
1.

25
 p

s)

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

-5 0 5
∆t (ps)

 R
aw

 A
sy

m
m

et
ry

 / 
(2

.5
 p

s)

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

-5 0 5
∆t (ps)

 R
aw

 A
sy

m
m

et
ry

 / 
(2

.5
 p

s)

q=1 q=-1

poor tag good tag

Good tag

MBC (GeV) ∆E (GeV)N
um

be
r o

f e
ve

nt
s

08.042.0 09.0

 30.0 00.0 10.0
09.0

±±=

±= +
−

L

L

ρρ

ρρ

S

ABelle preliminary

No CP violation 2φ2
eff ~ 180 (deg.)



Comparison with Comparison with BaBarBaBar
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Results are consistent with each other.
Difference from Belle is 2.3σ



Constraint on Constraint on φφ22



Penguin pollutionPenguin pollution
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Penguin pollutionPenguin pollution
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Isospin analysis (how to get Isospin analysis (how to get κκ))

( )2
eff
22 φφκ −=

)( 00 ππ +++ →= BAΑ
)( 00000 ππ→= BAΑ

)( 0 −+−+ →= ππBAΑ

+−+ =+ 0002 AAΑ +0A

00A2−+A

• BF and asymmetries: World average (HFAG)
• Ahh and Shh: Belle measurement above.



Situation of Situation of BB ππππ
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Situation of Situation of BB ρρρρ

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 0  30  60  90  120  150  180
1
 
-
 
C
.
L
.

φ2 (degrees)

Belle
ρρ

o

o

11559

1787

2

2

<<

±=

φ

φ
at 90% C.L.

at 1σ

Due to the small Br of
B0 ρ0ρ0, both of two
triangles are squeezed.

Good determination of φ2
(with only two mirror solutions)
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Combined result from BelleCombined result from Belle
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Combined result from BelleCombined result from Belle
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SummarySummary
This summer, we released new CPV 
measurement of B ρρ.
Combining B ππ and B ρρ, we constrain 
φ2=93+12-11° for 1σ.
The value from direct measurements is 
consistent with that from indirect 
measurements.





Isospin analysisIsospin analysis
With the amplitudes 
and asymmetries of 
three charged modes, 
φ2

eff-φ2 can be 
measured.
Branching fraction and 
asymmetries: World 
average (HFAG)
Ahh and Shh: Belle 
measurement above. ( )2

eff
22 φφ −

)( 00 hhBAΑ +++ →=
)( 00000 hhBAΑ →=

)( 0 −+−+ →= hhBAΑ

−−+ ≡= 0200 3
~ AeAA iφ



chi2 of isospin analysis.
ππ: 0.35
ρρ: 0.60
combined: 1.15


